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(57) ABSTRACT

A transmitter comprises a device (20) for frequency up-
conversion of a communication signal having at least two
consecutive frequency conversion stages, a power amplifier
(27) for amplifying the output signal therefrom for obtaining
a transmission signal and means (29) for extracting the
transmission signal. It also has a device for frequency
down-conversion of said extracted transmission signal to the
same frequency as the communication signal before said
up-conversion for creating a feedback signal. Said two
devices use the same local oscillators (25, 26). The trans-
mitter also has means for signal parameter adaptation of the
communication signal on basis of the feedback signal for
obtaining a desired character of the transmission signal. The
frequency down-conversion device comprises a local oscil-
lator combiner (30) producing a combined frequency signal
used for frequency down-conversion of the transmission
signal reducing the number of conversion stages in the path
of the extracted transmission signal with respect to the
corresponding number of the frequency up-conversion
device.
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1
TRANSMITTER

This application is the U.S. National phase of interna-
tional application PCT/SE01/02440 filed 7 Nov. 2001 which
designates the U.S.

THE BACKGROUND OF THE INVENTION
AND PRIOR ART

The present invention relates to a transmitter according to
the preamble of claim 1, a method for signal processing in
a transmitter according to the preamble of claim 22, a
computer program according to claim 39 and a computer
readable medium according to claim 41.

“Transmitter” is here to be given a very broad sense and
also covers so called transmitter configurations having for
example a plurality of branches for said communication
signal and/or means for transmitting the transmission signal,
such as antennas, as for example an adaptive antenna.
However, it is pointed out that the transmission medium
does not necessarily have to be “the air”, but it could be any
conceivable medium, such as a cable. Furthermore, “com-
munication signal” is defined as the signal including the
information to be transmitted by the transmitter travelling to
and past the power amplifier, and the “transmission signal”
is defined as the signal at the output of said power amplifier
transmitted by the transmitter and also extracted for creating
the feedback signal and travelling in a feedback loop back to
said means for signal parameter adaptation.

A transmitter of this type may find may preferred appli-
cations, among which as a transmitter for mobile base
stations may be mentioned as a non-limitative example.

The general construction of such a transmitter according
to the prior art is illustrated in the appended FIG. 1 and will
now be briefly explained with reference made thereto. This
transmitter has a signal source 1, which can be digital or
analog, a frequency up-conversion device 2, a power ampli-
fier 3 and an antenna 28 adapted to transmit the transmission
signal resulting at the output of the power amplifier 3. The
frequency up-conversion device has preferably at least two
mixing stages each including a local oscillator 4, 5 and a
frequency mixer 6, 7. Filters 8, 9 are arranged in the signal
path downstream of each frequency mixer for rejecting
unwanted spurii and only letting for instance the wanted
sideband through. The respective filter requirements may be
reduced if the frequency mixer in question is instead a single
sideband mixer or quadrature modulator configuration hav-
ing then two frequency mixers. The reason for using mul-
tiple stages in the frequency up-conversion device is to
spread the filtering requirements between different mixing
stages, such that the overall filtering requirements can be
met. If instead only one mixing stage was used, the filter
thereof would have to reject all unwanted spurii, some of
them very close to the wanted signal. Such a filter is very
hard to design, especially at high frequencies. With more
than one mixing stage, the filtering requirements will be
distributed and therefore be easier met, so that filters with
high selectivity work at lower frequencies making the design
thereof much easier.

For some transmitters high demands on certain properties
of the transmission signal are put, and they therefore require
a feedback observation signal from the output of the power
amplifier for enabling adjustment of the communication
signal for obtaining these properties of the transmission
signal. The transmission signal is for this sake extracted at
the output of the power amplifier 3 by an extracting means
10, which may be for example a coupler, but it may also be
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for example an antenna receiving the transmission signal
transmitted by the antenna 28. A frequency down-conver-
sion of this extracted transmission signal then takes place in
a frequency down-conversion device 11 using the same local
oscillators 4, 5 as the frequency up-conversion device 2
making the design coherent. A design having separate local
oscillators for the frequency up- and down-conversion
would also be coherent if the local oscillators were locked to
the same time reference. This also means a lower cost, since
the number of local oscillators is reduced. A feedback signal
having the same frequency as the input signal to the fre-
quency up-conversion device is in this way obtained, and
this signal is then compared with a communication signal
corresponding to a wanted transmission signal for signal
parameter adaptation of the communication signal. The
comparison has to be made in this low frequency region, but
the adjustments of the communication signal may be carried
out anywhere along the path thereof, such as in this low
frequency region, or even between the frequency up-con-
version device and the power amplifier or after the latter. A
block 84 between the coupler 10 and antenna 28 is also
shown. This block may have nothing in it, or it may have a
duplexer if a receiver is to be attached to the same antenna,
or it may have a circulator if it is desired to protect the
integrity of the feedback down-conversion signal from
external signals picked up by the antenna or a combination
of the two.

Said comparison may be made continuously, but it is
underlined that the signal parameter adaptation is only
carried out as often as required when the condition changes
for creating a transmission signal having the desired prop-
erties for these new conditions. In one possible application
a predistortion of the communication signal, in the digital or
in the analogous domain, is carried out for cancelling
distortions of the signal generated in the communication
signal path, such as in the power amplifier, for obtaining a
substantially distortion-free transmission signal. These dis-
tortions may change with for example temperature and
component ageing, so that an adaptation of the predistortion
parameters therefore is needed. Another possible application
is in a transmitter comprising an adaptive antenna, in which
said comparison is utilized to influence the communication
signal for meeting gain and/or phase requirements of the
transmission signals from different antennas thereof. Such a
transmitter comprises a plurality of branches each including
a frequency up-conversion device, power amplifier and an
antenna, but the invention also covers the case of such a
multiple branch configuration in which all the branches have
one up-converter in common, or one up-converter and one
power amplifier in common.

A problem with a transmitter of the type illustrated in FIG.
1 is that the transmission signal down-conversion path is
unnecessarily complex and contains a lot of components in
the signal path. This leads to linear as well as non-linear
distortion of the signal, distorting the feedback-signal so
created at the output of the frequency down-conversion
device. This makes it troublesome to achieve an accurate
copy of the signal at the output of the power amplifier for
said comparison reducing the accuracy thereof and thereby
the success of the performance-enhancing adjustments of the
transmission signal.

U.S. Pat. No. 4,700,151 describes a modulation system
capable of improving a transmission system, in which a
feedback signal is created through frequency down-conver-
sion of an output signal from a power amplifier for predis-
tortion of a communication signal in the communication
signal path for compensating for non-linearities of the
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amplified output signal. This transmitter uses the same local
oscillator for the up- and down-conversion. However, this
transmitter only uses one mixing stage.

Furthermore, U.S. Pat. No. 5,974,302 discloses a trans-
ceiver, in which the receiver and the transmitter uses the
same local oscillators, and the receiver as well as the
transmitter thereof have more than one frequency conver-
sion stage. U.S. Pat. No. 5,937,011 describes a transceiver
including dual stage up- and down-conversion and common
local oscillators as defined in the preamble of appended
claim 1.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
transmitter and a method for signal processing in a trans-
mitter being improved with respect to the prior art solution
discussed above.

This object is according to one aspect of the invention
obtained by providing such a transmitter in which the
frequency down-conversion device comprises a local oscil-
lator combiner having means for mixing frequency signals
of at least two of said local oscillators for combining them
into a combined local oscillator frequency signal, said local
oscillator combiner being adapted to send this combined
frequency signal to the frequency mixer of the frequency
down-conversion device for frequency down-conversion of
the transmission signal reducing the number of frequency
conversion stages in the transmission signal path of the
frequency down-conversion device with respect to the num-
ber of frequency conversion stages in the communication
signal path of the frequency up-conversion device. A
reduced number of frequency down-conversion stages may
be used in the frequency down-conversion device with
respect to the frequency up-conversion device because the
transmission signal at the output of the power amplifier does
not contain any strong interferers that need to be filtered
away, but only the signal to transmit. This lack of strong
interferer means that there is no need for sharp channel
select filters for removing strong interferer signals. (Of
course a block 84 as described above may still be needed, for
instance for protecting the integrity of the feedback down-
conversion signal from external signals picked up by an
antenna connected to the power amplifier). This results in
fewer components in the transmission signal path of the
frequency down-conversion device and hence lower linear
and non-linear distortion of the feedback signal. A conse-
quence of this will be a more accurate feedback signal for
said comparison. Accordingly, the filtering requirements are
reduced in said feedback transmission signal path. The
number of frequency mixers is not reduced, but components
are moved away from the feedback transmission signal path
making this less corruptive.

According to a very preferred embodiment of the inven-
tion said frequency up-conversion device has two frequency
conversion stages and the frequency down-conversion
device has one single frequency conversion stage in the
transmission signal path, and according to yet another pre-
ferred embodiment of the invention defined in claim 3 a
transmitter having three frequency conversion stages in the
frequency up-conversion device and only one frequency
conversion stage in the frequency down-conversion device
is provided. Using one single frequency conversion stage in
the transmission signal path reduces the number of compo-
nents therein and linear and non-linear distortions of the
output signal from the frequency down-conversion device to
a minimum.
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According to another preferred embodiment of the inven-
tion the transmitter comprises delay means adapted to delay
a frequency signal emitted by at least one of said local
oscillators on the path to said frequency down-conversion
stage of the frequency down-conversion device for substan-
tially matching the delay of this frequency signal from said
local oscillator to this stage through said local oscillator
combiner with a delay of this signal to this stage through the
frequency up-conversion device and the power amplifier and
coupler. Such a delay matching will remarkably reduce the
phase noise contributions of the local oscillators to the
output signal of the frequency down-conversion device. This
results in a more accurate feedback signal and/or a faster
obtaining thereof, since such phase noise contributions have
otherwise to be removed through, for example, a time
consuming formation of mean values.

According to another preferred embodiment of the inven-
tion the transmitter comprises means for predistortion of
said communication signal on the basis of said signal
parameter adaptation for cancelling out distortions thereof
generated in the path of the communication signal, such as
in the power amplifier, for obtaining a substantially distor-
tion-free transmission signal. Said predistortion is prefer-
ably, but not necessarily, carried out in the digital domain.
Such predistortion may be carried out with a high accuracy,
since the low number of parts in the transmission down-
conversion signal path will result in a low linear and
non-linear distortion of the feedback signal used to correct
for linear and non-linear distortions in the communication
signal path.

According to another preferred embodiment of the inven-
tion the transmitter comprises at least two communication
signal branches having a said frequency up-conversion
device each or in common, a power amplifier each or in
common and a said means for extracting the transmission
signal, and said means for signal parameter adaptation is
adapted to adjust the gain and/or phase of said transmission
signal from the respective branch on the basis of a compari-
son of a communication signal corresponding to a wanted
transmission signal and said feedback signal of each branch
or a comparison of feedback signals from all branches. A
transmitter in the form of such a transmitter configuration
will be especially advantageous for use in a transmitter
comprising an adaptive antenna, and in which each branch
then will have an antenna for transmitting the transmission
signal from the power amplifier. A simplified and advanta-
geous design of such a transmitter has only one said fre-
quency down-conversion device and comprises switching
means adapted to alternatingly connect said frequency
down-conversion device to different branches for signal
parameter adaptation of the communication signals thereof.
This keeps the costs for components in the frequency
down-conversion part of the transmitter down.

The invention also relates to a radio base station, a
communication device for communication with a radio base
station, a wireless Local Area Network, wireline transmit-
ters, e.g. ADSL (Asymmetric Digital Subscriber Line) or a
future radio base station applications, such as Multiple Input
Multiple Output Antenna systems, including a transmitter
according to the present invention.

The invention also comprises a method for signal pro-
cessing in a transmitter having the features listed in the
appended claim 22. Merits of this method and preferred
embodiments thereof defined in the dependent method
claims appear clearly from the discussion above of preferred
embodiments of the transmitter according to the present
invention.
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The invention also relates to a computer program and a
computer readable medium according to claims 39 and 41.
It is easily understood that the method defined in the
appended set of method claims is very suitable to be carried
out through program instructions from a processor that may
be influenced by a computer program provided with the
program steps in question. This computer program may very
well be at least partially provided through a network as the
Internet.

Further advantages and advantageous features of the
invention appear from the following description and the
other dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows
a specific description of preferred embodiments of the
invention cited as examples.

In the drawings:

FIG. 1 is a simplified block diagram of a transmitter
according to the prior art,

FIG. 2 is a block diagram of the frequency up- and
down-conversion part of a transmitter according to a first
preferred embodiment of the invention,

FIGS. 3a and 36 are simplified frequency diagrams used
to explain the function of different frequency conversion
stages in a transmitter according to the invention,

FIG. 4 is a block diagram corresponding to FIG. 2 of a
transmitter according to a second preferred embodiment of
the invention,

FIG. 5 is a block diagram corresponding to FIG. 2 of a
transmitter according to a third preferred embodiment of the
invention,

FIG. 6 is a simplified block diagram substantially corre-
sponding to FIG. 1 of a transmitter in the form of a
transmitter configuration according to a fourth preferred
embodiment of the invention, and

FIG. 7 is a flow chart illustrating a general method for
signal processing in a transmitter according to a preferred
embodiment of the invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Firstly, a part of a transmitter according to the present
invention, which is not specific for this invention will be
described with reference to the prior art transmitter accord-
ing to FIG. 1, and this part of the transmitters according to
different preferred embodiments of the invention illustrated
in FIGS. 2, 4 and 5 has been left out in these Figures. Usual
data to be transmitted by the transmitter, for instance ema-
nating from human speech, are provided at 1 and sent on to
a base band-processing unit 12. The output therefrom is
treated in a data modification unit 13 with the aim to obtain
enhanced performance on the transmission signal obtained
further downstream at the output of the power amplifier 3.
The signal is then sent to a digital quadrature modulator 14
combining the complex base-band signal with a digital
quadrature oscillator signal into a digital intermediate fre-
quency signal, which is converted into an analog signal in a
digital/analog-converter 15 and sent on to the analog fre-
quency up-conversion device 2.

The output signal from the frequency down-conversion
device 11 is converted into the digital domain by an analog/
digital converter 16 and then processed in a digital quadra-
ture demodulator 17 for the purpose of being compared with
a communication signal corresponding to a wanted trans-
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6

mission signal at the output of the power amplifier 3 in a
parameter adaptation means 18 influencing the data modi-
fication in the unit 13. The members described in these two
paragraphs may be the same in a transmitter according to the
invention. The prior art transmitter also has a delay means 19
arranged to match the time delay of the communication
signal for said comparison with the feedback signal.

The most important features of a first preferred embodi-
ment of a transmitter according to the present invention will
now be described while simultaneously referring to FIG. 2
and FIGS. 3a and 34. 20 illustrates a frequency up-conver-
sion device functioning in the same way as described above
with reference to FIG. 1 including an intermediate frequency
mixer 21, a filter and amplifier block 22, a radio frequency
mixer 23 and a filter block 24. 25 and 26 stand for local
oscillators in the form of an intermediate frequency oscil-
lator and a radio frequency oscillator, respectively. 27 and 28
are the power amplifier and an antenna, respectively. Means
for extracting a transmission signal resulting at the output of
the power amplifier 27 is indicated at 29.

The frequency down-conversion device of this transmitter
comprises a local oscillator combiner 30, having means in
the form of a local oscillator frequency mixer 31 for mixing
the frequency signals from the two local oscillators 25 and
26 for combining them into a combined local oscillator
frequency signal. The local oscillator combiner also com-
prises two blocks 32, 33 containing amplification means for
driving the mixer 31 and possibly filters or circulators. The
combiner further comprises a block 34 for filtering and
amplifying the combined local oscillator frequency signal to
drive a frequency mixer 35 of the frequency down-conver-
sion device for frequency down-conversion of the transmis-
sion signal. A filter and amplifier block 36 is indicated at the
output of the frequency down-conversion mixer 35.

It is also illustrated how the transmitter may comprise
different delay means 37-39 for cancelling phase noise from
the local oscillators 25 and 26. More exactly, the phase noise
introduced through the local oscillator 25 is cancelled if the
delay of a signal from this local oscillator to the frequency
down-conversion stage 35 of the frequency down-conver-
sion device through said local oscillator combiner 30, i.e. on
the path 40, is matched with the delay of this signal to this
stage through the frequency up-conversion device and the
power amplifier according to the path 41. The same is valid
for the local oscillator 26 and the paths 42 and 43, respec-
tively. Phase noise contributions of the local oscillators 25
and 26 to the feedback signal resulting at 44 may in this way
be remarkably reduced. This means a faster signal parameter
adaptation, since for example no time consuming mean
value formation of the feedback signal emanating from the
extracted transmission signal will be needed for cancelling
phase noises out. However, one or more of the delay means
37-39 may be left out should the local oscillators have
sufficient noise performance. It may also be possible to leave
out a delay means because the difference in delay between
two signal paths is small enough. This may for instance be
the case for the local oscillator 26 and the paths 42 and 43.

The function of the part of the transmitter illustrated in
FIG. 2 with respect to the frequency mixing will be as
follows: A communication signal including user data having
a local oscillator communication frequency LO.,,, arrives
to the intermediate frequency mixer 21 from the digital/
analog-converter 15 and is there mixed with an intermediate
frequency signal from the local oscillator 25 having a local
oscillator intermediate frequency O, resulting in a lower
sideband L. and an upper sideband U having a frequency of
LO,~LOcpp, and LOA4LO -, respectively, as illustrated
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in FIG. 3a. It is schematically illustrated through a dashed
line w how a filter function is applied on the signal from the
mixer 21 in the filter 22 for filtering out the upper sideband
U sent further to the radio frequency mixer 23, but it is
pointed out that any of the two sidebands may be selected
and sent on to the mixer 23, where it is mixed with a radio
frequency signal from the local oscillator 26 having a local
oscillator radio frequency Oy, which results in a signal
having a lower sideband L and an upper sideband U,
respectively. The lower sideband will have a frequency of
LO, ~LO+LO0cpp 0f LOgp~LOz=LOcg,, depending
upon whether the lower or upper sideband had been filtered
out in the filter 22. The upper sideband will have a frequency
of LOgzz4LO~LO o5, 0r LOgA4LO 41O, , depending
upon whether the lower or upper sideband has been filtered
out in the filter 22. One of these sidebands are here filtered
out through the filter 24 and amplified through the amplifier
27, so that the transmission signal being frequency modu-
lated to one of said four frequencies is transmitted by the
antenna 28.

In a corresponding way frequency signals from the two
local oscillators 25 and 26 having a frequency of LO,. and
LOg ., respectively, are mixed in the frequency mixer 31,
and a lower sideband having a frequency of LOg~1.O,- and
an upper sideband having a frequency of LOg+LO are
formed. One of these frequencies is filtered out in the block
34. This combined local oscillator frequency signal is mixed
in the frequency mixer 35 with the extracted transmission
signal so that a lower sideband L. having a frequency of
LO_,, is achieved as schematically illustrated in FIG. 3B.
More exactly, the upper sideband LO -+1.O, resulting from
the combined local oscillator frequency signal is applied if
LOgxA+LOALO,p,, Or LOzz4LO~LO,,,, has been
selected by the filters 22 and 24 as the transmission signal
frequency and LO,-—LO, is applied if any of the two other
possible frequencies of the transmission signal referred to
above have been filtered out by the filters 22 and 24. As a
non-limitative example it may be mentioned that L.O,,,
may be 12.5 MHz, LO, 128 MHz and L.O, 1992 MHz. If
then the upper sideband will be filtered out by the filter 22
this will have a frequency of 140.5 MHz, and if the upper
sideband again filtered out through the filter 24, this will
have a frequency of 2132.5 MHz. If the extracted transmis-
sion signal for this frequency then is mixed with the upper
sideband resulting in the frequency mixer 31 having a
frequency of 2120 MHz the lower sideband so obtained will
have a frequency of 12.5 MHz.

It is pointed out that the frequency values just mentioned
are only examples of typical frequencies used for frequency
modulation in radio base stations, and any other frequencies
may be envisaged. A filter window function w is then
applied on this signal through the filter 36 for filtering out
said lower sideband L. and convey the feedback signal so
created to the analog/digital-converter 16 for use in the
comparison for signal parameter adaptation in 18. As stated
above, it is possible to use a single frequency conversion
stage in the path of the extracted transmission signal in the
feedback loop because the signal on the output of the power
amplifier 27 does not contain any interferers that need to be
filtered away, but only the signal to be transmitted. The lack
of a strong interferer means in the practice that there is no
need for sharp channel select filters for removing strong
interferer signals. This leads to fewer and cheaper parts in
the signal path and also to lower linear and non-linear
distortion of the feedback signal so created. It is noticed that
the number of frequency mixing stages and filters in the
frequency down-conversion device is not reduced with
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respect to the prior art transmitter shown in FIG. 1, but a part
of them is removed from the path of the extracted transmis-
sion signal, so that it will be fewer components corrupting
the feedback signal in this path increasing the accuracy of
this signal and of the signal parameter adaptation.

A transmitter according to a second preferred embodiment
of the invention being slightly modified with respect to the
transmitter illustrated in FIG. 2 is schematically shown in
FIG. 4. Parts corresponding to parts of the embodiment
according to FIG. 2 are provided with the same reference
numerals. It is illustrated how the frequency mixer 21 is
replaced by an analog quadrature modulator 45 containing
two frequency mixers and making the filter 22 simpler.
However, an amplifier and filters may of course be arranged
between the quadrature modulator 45 and the frequency
mixer 23, although omitted in the Figure. The frequency
down-conversion stage is here carried out resulting in base-
band I and Q feedback signals at the output thereof. As an
alternative an SSB (Single Side Band) mixer may be used
instead of the quadrature modulator and/or the quadrature
demodulator.

FIG. 5 illustrate a transmitter according to a third pre-
ferred embodiment of the invention having three frequency
up-conversion stages and one single frequency down-con-
version stage in the path of the extracted transmission signal.
4749 correspond to frequency mixers, 5052 correspond to
filter and amplifier blocks and 53-55 correspond to local
oscillators. It is illustrated how the frequency signals from
the local oscillators 53 and 54 are combined in a local
oscillator combiner 56 for creating a first combined local
oscillator frequency signal, which is then mixed with the
frequency signal from the local oscillator 55 in a second
local oscillator combiner 57 for forming a second combined
local oscillator frequency signal to be mixed with the
extracted transmission signal in the down-conversion mixer
58. 59 and 60 are the power amplifier and the antenna,
respectively. Although this embodiment may in some appli-
cations be preferable, it is pointed out that in general the
present invention will loose in interest with an increase of
the number of the local oscillators used, since the local
oscillator combiner configuration will grow in complexity. It
is within the scope of the present invention to reduce the
number of frequency conversion stages in the path of the
extracted transmission signal with respect to the frequency
conversion stages in the frequency up-conversion device
arbitrarily, so that in the case of three local oscillators as in
FIG. 5 the number of frequency down-conversion stages in
the path of the extracted transmission signal may be reduced
to two, but that would introduce more linear and non-linear
distortion to the feedback signal.

FIG. 6 illustrates a transmitter in the form of a transmitter
configuration according to a fourth preferred embodiment of
the invention in an Adaptive Antenna application. Adaptive
or smart antennas are used for transmitting signals in dif-
ferent directions by modifying the amplitude and/or phase in
each branch and/or communication signals. It is then impor-
tant that the requirements of gain and phase accuracy of the
transmission signals are met, which may be achieved by
using a feedback signal as described above. In a radio base
stations the required gain and phase accuracy may typically
be 0.2 dB and 1°, respectively.

This transmitter comprises a number of communication
signal branches with a signal source 61, base band process-
ing unit 62, data modification unit 63, digital/analog-con-
verter 64, frequency up-conversion device 65, power ampli-
fier 66 and antenna 67. In this case of separate sources 61 for
each branch the data modification unit 63 is a matrix, that is
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every input is able to map to every output as illustrated
through the dashed line 85. Each branch may have a
frequency down-conversion device of the type shown in
FIG. 2, but there may also be a frequency down-conversion
device 68 in common to all branches as illustrated in FIG.
6. This means that switching means 69 are provided for
alternatingly connect the frequency down-conversion device
68 to different antenna branches 70,-70,, for signal param-
eter adaptation of the communication signals thereof. All
frequency up-conversion devices may share the same local
oscillators 71, 72, but it is also possible that they have
separate local oscillators requiring switching means adapted
to alternatingly connect the local oscillators of different
frequency up-conversion devices with the local oscillator
combiner 73 of the frequency down-conversion device.
What these different alternatives would look like is apparent
to a man with skill in this art and they have therefore not
been illustrated by drawings for keeping the number of
drawings on a reasonable level.

Furthermore, the feedback signal will be compared in a
signal parameter adaptation means 74 with a communication
signal corresponding to a wanted transmission signal for the
respective branch or all feedback signals are compared if
only the wanted relative phase and gain of the individual
transmission signals are needed. A signal parameter adap-
tation is then carried out on the basis of this comparison, in
the first place for adjusting the gain and phase of the
transmission signal from the respective branch, but also for
applying predistortion to the respective communication sig-
nal for cancelling out distortions thereof generated in the
path of the communication signal, such as in the power
amplifier 66, for obtaining a substantially distortion-free
transmission signal of the respective branch if desired. The
adjustments may as an alternative be carried out on the
analog side of the communication signal path. Furthermore,
shown are separate sources 61, it could possibly be just one
source which is eventually split. This splitting junction can
be anywhere from the source to the antenna, assuming that
the gain and/or phase adjustment means is after the point of
splitting but not necessarily directly after the splitting junc-
tion. Accordingly, the separate branches may share the same
up-conversion device, and this may as an alternative be
achieved by a switching means similar to switching means
69.

FIG. 7 shows a flow chart very schematically illustrating
steps in the frequency up- and down-conversion part of a
method according to the present invention. It is started with
a frequency signal at 75 being twice frequency up-converted
76, 77 and then amplified 78 for being transmitted 79 and
extracted 80 to be frequency down-converted 81 after a local
oscillator combining 82 in a parallel branch. A feedback
signal is then obtained at the end 83.

The invention is of course not in any way restricted to the
preferred embodiments described above, but many possi-
bilities to modifications thereof may be envisaged by a man
with ordinary skill in the art without departing from the
scope of the invention as defined in the appended claims.

It is pointed out that the invention is directed to trans-
mitters having an up-conversion device and a down-conver-
sion device sharing local oscillators, in which local oscilla-
tors are combined for reducing the number of conversion
stages in the down-conversion device with respect to the
number of such stages in the up-conversion device. How-
ever, to use separate local oscillators for the up- and down-
conversion for having fewer down-conversion stages is not
claimed here, although realized by the present inventors.
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What is claimed is:

1. A transmitter comprising

a device for frequency up-conversion of a communication
signal to a higher frequency comprising at least two
consecutive frequency conversion stages each having a
local oscillator and a frequency mixer for mixing the
signal of the local oscillator with said communication
signal for a stepwise frequency up-conversion of the
communication signal,

a power amplifier for amplifying the output signal from
the frequency up-conversion device for obtaining a
transmission signal,

means for extracting the transmission signal,

a device for frequency down-conversion of said extracted
transmission signal to the same frequency as the com-
munication signal before said up-conversion for creat-
ing a feedback signal, said frequency down-conversion
device being adapted to use the same local oscillators
as the frequency up-conversion device for frequency
conversion of the transmission signal, and

means for signal parameter adaptation of the communi-
cation signal on basis of said feedback signal for
obtaining a desired character of said transmission sig-
nal,

characterized in that said frequency down-conversion
device comprises a local oscillator combiner having
means for mixing frequency signals of at least two of
said local oscillators for combining them into a com-
bined local oscillator frequency signal, and that said
local oscillator combiner is adapted to send this com-
bined frequency signal to a frequency mixer of the
frequency down-conversion device for frequency
down-conversion of the transmission signal reducing
the number of frequency conversion stages in the
transmission signal path of the frequency down-con-
version device with respect to the number of frequency
conversion stages in the communication signal path of
the frequency up-conversion device.

2. A transmitter according to claim 1, characterized in that
said frequency up-conversion device has two frequency
conversion stages and the frequency down-conversion
device has one single frequency conversion stage in the
transmission signal path.

3. Atransmitter according to claim 1, characterized in that
the frequency up-conversion device has three frequency
conversion stages, that the frequency down-conversion
device comprises two said local oscillator combiners,
namely a first one with means for mixing frequency signals
from two of said local oscillators for combining them into a
first combined local oscillator frequency signal and a second
with means for mixing said first combined local oscillator
frequency signal with a frequency signal from a third of said
local oscillators for combining them into a second combined
local oscillator frequency signal, and that said second local
oscillator combiner is adapted to send this second combined
local oscillator frequency signal to a frequency mixer of the
frequency down-conversion device for frequency down-
conversion of the transmission signal reducing the number
of frequency conversion stages in the transmission signal
path of the frequency down-conversion device to one.

4. A transmitter according to claim 1, characterized in that
one of the frequency conversion stages in the frequency
up-conversion device is formed by a quadrature modulator
and said frequency conversion stage of the frequency down-
conversion device for frequency down-conversion of the
transmission signal is formed by a quadrature demodulator.
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5. A transmitter according to claim 1, characterized in that
at least one of the frequency conversion stages in the
frequency up-conversion device and/or said frequence con-
version stage of the frequency down-conversion device for
frequency down-conversion of the transmission signal is
formed by a SSB (Single SideBand) mixer.

6. A transmitter according to claim 1, characterized in that
it comprises delay means adapted to delay a frequency
signal emitted by at least one of said local oscillators on the
path to said frequency down-conversion stage of the fre-
quency down-conversion device for substantially matching
the delay of this frequency signal from said local oscillator
to this stage through said local oscillator combiner with the
delay of this signal to this stage through the frequency
up-conversion device and the power amplifier.

7. A transmitter according to claim 6, characterized in that
it comprises a said delay means for each of said local
oscillators.

8. A transmitter according to claim 6, characterized in that
it comprises a said delay means connected between the
frequency mixing means of said local oscillator combiner
and said transmission signal frequency down-conversion
stage of the frequency down-conversion device.

9. A transmitter according to claim 6, characterized in that
it comprises at least one said delay means arranged to delay
a frequency signal sent from one of said local oscillators to
said local oscillator combiner.

10. A transmitter according to claim 1, characterized in
that it comprises means for predistortion of said communi-
cation signal on the basis of said signal parameter adaptation
for cancelling out distortions thereof generated in the path of
the communication signal, such as in the power amplifier,
for obtaining a substantially distortion-free transmission
signal.

11. A transmitter according to claim 10, characterized in
that it comprises an analog/digital-converter adapted to
convert the transmission signal into a digital signal, and that
said predistortion means is adapted to carry out said predis-
tortion of the communication signal in the digital domain.

12. A transmitter according to claim 1, characterized in
that it comprises at least two communication signal branches
having a said frequency up-conversion device each or in
common, a power amplifier each or in common and a said
means for extracting the transmission signal, and that said
means for signal parameter adaptation is adapted to adjust
the gain and/or phase of said transmission signal of the
respective branch on the basis of a comparison of a com-
munication signal corresponding to a wanted transmission
signal and said feedback signal of each branch or a com-
parison of feedback signals from all branches.

13. A transmitter according to claim 12, characterized in
that it comprises a separate said frequency down-conversion
device for each of said branches.

14. A transmitter according to claim 13, characterized in
that all said frequency up- and down-conversion devices
share the same local oscillators.

15. A transmitter according to claim 12, characterized in
that it has only one said frequency down-conversion device,
and that it further comprises switching means adapted to
alternatingly connect said frequency down-converasion
device to different branches for signal parameter adaptation
of the communication signals thereof.

16. A transmitter according to claim 15, characterized in
that it comprises a separate frequency up-conversion device
for each branch and all frequency up-conversion devices
have separate local oscillators, and that the transmitter
comprises switching means adapted to alternatingly connect
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the local oscillators of different frequency up-conversion
devices with the local oscillator combiner of the frequency
down-conversion device.

17. A transmitter according to claim 12, characterized in
that it comprises an adaptive antenna, and that each branch
has an antenna for transmitting the transmission signal from
the power amplifier.

18. A radio base station including a transmitter according
to claim 1.

19. A communication device, such as a telephone, for
communication with a radio base station and including a
transmitter according to claim 1.

20. A wireless Local Area Network including a transmitter
according to claim 1.

21. A wireline network, such as an ADSL netowrk or a
Multiple Input Multiple Output Antenna system, including a
transmitter according to claim 1.

22. A method for signal processing in a transmitter
comprising the following steps:

a) frequency up-conversion of a communication signal to

a higher frequency by consecutively mixing the com-
munication signal with a signal from at least two
consecutive local oscillators for a stepwise frequency
up-conversion of the communication signal,

b) amplifying the output signal resulting from the fre-
quency up-conversion for obtaining a transmission
signal,

¢) extracting the transmission signal,

d) frequency down-conversion of said extracted transmis-
sion signal to the same frequency as the communication
signal before said up-conversion for creating a feed-
back signal by using the same local oscillators as for the
frequency up-conversion for frequency down-conver-
sion of the transmission signal, and

e) adapting signal parameters of the communication sig-
nal on basis of said feedback signal for obtaining a
desired character of said transmission signal,

characterized in that in step d) frequency signals of at least
two of said local oscillators are mixed for combining
them into a combined local oscillator frequency signal,
which is then used in said frequency down-conversion
stage for frequency down-conversion of the transmis-
sion signal, thus reducing the number of frequency
conversion stages in the transmission signal path of the
frequency down-conversion with respect to the number
of frequency conversion stages in the communication
signal path of the frequency up-conversion.

23. A method according to claim 22, characterized in that
the frequency up-conversion in step a) is carried out by
mixing the communication signal in two frequency conver-
sion stages with frequency signals from two said local
oscillators and in step d) the transmission signal is only
subjected to a frequency down-conversion once.

24. A method according to claim 22, characterized in that
in step a) said communication signal is subjected to three
frequency up-conversions, that in step d) firstly frequency
signals from two of said local oscillators are mixed for
combining them into a first combined local oscillator fre-
quency signal and then this signal is mixed with the fre-
quency signal from a third of said local oscillators for
combining them into a second combined local oscillator
frequency signal, which is subsequently mixed with the
transmission signal for frequency down-conversion thereof
thus reducing the number of frequency conversion stages in
the transmission signal path for said frequency down-con-
version to one.



US 7,065,330 B2

13

25. A method according to claim 22, characterized in that
in step a) the communication signal is firstly mixed with a
local oscillator frequency signal in a quadrature modulator
and in step d) the transmission signal is frequency down-
converted by being mixed with a combined local oscillator
frequency signal in a quadrature demodulator.

26. A method according to claim 22, characterized in that
in step a) the communication signal is firstly mixed with a
local oscillator frequency signal in an SSB (Single Side-
Band) mixer and in step d) the transmission signal is
frequency down-converted by being mixed with a combined
local oscillator frequency signal in an SSB mixer.

27. A method according to, characterized in that a fre-
quency signal emitted by at least one of said local oscillators
is delayed on the path to said frequency down-conversion
stage so as to substantially match the delay of this frequency
signal from said local oscillator to this stage through the
local oscillator signal combining step with the delay of this
signal to this stage through the frequency up-conversion step
a) and the power amplifying step b).

28. A method according to claim 27, characterized in that
the frequency signals sent from each local oscillator for local
oscillator frequency signal combining in step d) are delayed.

29. A method according to claim 27, characterized in that
the combined local oscillator frequency signal produced in
step d) is delayed for obtaining said matching.

30. A method according to any of claim 27, characterized
in that frequency signal sent from at least one of said local
oscillators is delayed before being combined with a fre-
quency signal from another local oscillator for producing a
combined local oscillator frequency signal in step d) for
obtaining said delay matching.

31. A method according to any of claim 22, characterized
in that said communication signal is predistorted for can-
celling out distortions thereof generated in the path of the
communication signal, such as in a power amplifier, for
obtaining a substantially distortion-free transmission signal
and this is done in step e).

32. A method according to claim 31, characterized in that
said transmission signal is after said frequency down-con-
version thereof analog/digital-converted and said predistor-
tion of the communication signal is carried out in the digital
domain.

33. A method according to claim 22, characterized in that
it is carried out on a transmitter comprising at least two
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communication signal branches for each of which steps a),
b) and c) are carried out, and that steps d) and e) are carried
out for each branch for adjusting the gain and/or phase of the
transmission signal from the respective branch on the basis
of'a comparison of a communication signal corresponding to
a wanted transmission signal and said feedback signal of
each branch or a comparison of feedback signals from all
branches.

34. A method according to claim 33, characterized in that
a separate frequency down-conversion is carried out for each
of said branches.

35. A method according to claim 34, characterized in that
the same local oscillators are used for all the branches for
said frequency up- and down-conversion.

36. A method according to claim 35, characterized in that
each branch has a separate frequency up-conversion stage
and all frequency up-conversion stages have separate local
oscillators, and that the local oscillators of different fre-
quency up-conversion stages are alternatingly connected to
the local oscillator combining in step d) of the frequency
down-conversion stage.

37. A method according to claim 33, characterized in that
said transmitter has only one frequency down-conversion
stage in common to all said branches, and that said fre-
quency down-conversion stage is alternatingly connected to
different branches for signal parameter adaptation of the
communication signals thereof.

38. A method according to any of claim 33, characterized
in that the transmitter comprises an adaptive antenna and
each branch has an antenna for transmitting the respective
amplified transmission signal.

39. A computer program directly loadable into the internal
memory of a computer, comprising software for controlling
the steps of claim 22 when said program is run on the
computer.

40. A computer program according to claim 39, provided
at least partially through a network as the internet.

41. A computer readable medium, having a program
recorded thereon, where the program is to make a computer
control the steps of claim 22.



